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Description 

FILED OF THE INVEISTTION AND RELATED AFiT 

5 [0001 ] The present invention relates to an electrophotographic photosensitive member, particularly to one charac- 
terized by having a protective layer comprising specific particles and a specific resin, and also to a process cartridge 
and an electrophotographic apparatus including such a photosensitive member. 

[0002] In recent years, extensive research and development works have been made on electrophotographic photo- 
sensitive members using organic photoconductors In view of their advantages, such as high level of safety, excellent 
10 productivity and inexpensiveness, and may proposals have been made, and many of them have been commercialized 
up to now. 

[0003] Among such photosensitive members using organic photoconductors, those using a photoconductor princi- 
pally comprising a photoconductive polymer as represented by poly-N-vinylcariDazole and a charge transfer complex 
fomied of 2,4,7-trinitrofluorene. etc.. have not been necessarily satisfactory. i 

15 [0004] On the other hand, a function separation-type electrophotographic photosensitive member wherein separate 
substances are in charge of a charge-generating function and a charge-transporting function, respectively, has resulted 
in remaricable impovements in photosensitivity and durability which have been regarded as defects of conventional 
organic photosensitive members. Further, the function separation-type electrophotographic photosensitive member 
also has an advantage that the charge-generating substance and the charge-transporting substance respectively allow 

20 large latitude of material selection, thus allowing relatively easy production of a photosensitive member having arbitrary 
desired performances. 

[0005] As the charge-generating substance, there have been known various azo pigments, polycyclic quinone pig- 
ments, phthalocyanlne pigments, cyanine colorants, squaline acid dyes, pyrylium salt dyes, etc. 
[0006] As the charge-transporting substance, pyrazoline compounds, hydrazone compounds, triphenylamine com- 
25 pounds, etc., are known. 

[0007] On the other hand, accompanying increasing demands for image fonning machines capable of providing high- 
quality images and exhibiting high speed and high durability in recent years, such an organic electrophotographic 
photosensitive member is also required to exhibit a further increased mechanical durability. 

[0008] Further, image forming machines, such as printers, copying machines and facsimile apparatus, using elec- 
30 trophotographic photosensitive members are becoming used in a wide variety of fields, and therefore are more severely 
required to always provide stable images in various environments, so that the surface layer of the photosensitive 
member is liable to be exposed to chemical, electrical and mechanical impacts at a higher possibility, thus being required 
of severer performances. 

[0009] More specifically, an electrophotographic photosensitive member is subjected to a repetition of an image 
35 forming cycle including steps of charging, exposure, development, transfer, cleaning, charge removal, etc. An electro- 
statk: latent image fonned by the charging and exposure is developed with a fine powdery developer called a toner to 
form a toner image on the photosensitive member. The toner image is then transferred onto a transfer(-receiving) 
material, such as paper, but all the toner is not transfen^ed but a portion thereof remains as a residual toner on the 
photosensitive member. 

40 [001 0] A large amount of the residual toner, if caused, can promote a further transfer failure to result In a toner image 
on the transfer material with noticeable lack of portion of image and image unifomiity. Further, the residual toner causes 
problems, such as melt-sticking and filming of the toner onto the photosensitive member. In order to cope with these 
problems! an el^trophotographfc photosensitive member Is required to have a surface layer with improved releasa- 

bility. ^ 

45 [0011] Further, an electrophotographic photosensitive member Is subjected to direct application of electrical and 
mechanical external forces, so that the photosensitive member is required to be durable against such forces. More 
specifically, the photosensitive member is required to be durable against the occun-ences of surfabe abrasion and 
scars due to rubbing and surface layer degradation due to attachment of active substances, such as ozone and NOjj 
occurring during the charging of the photosensitive member. 

50 [0012] In order to comply with the above-mentioned requirements of the photosensitive member, it has been pro- 
posed to dispose various protective layers. For example, Japanese Laid-Open Patent Application (JP-A) 57-30^6 
discloses a protective layer comprising a resin to which a metal oxide is added as electroconductiy^ower for resistivity 
control. 

[0013] The dispersion of electroconductive powder in such a protective layer of an electrophotographic photosensl- 
55 tive member is performed principally for the purpose of controlling the electrical resistivity of the protective layer per 
se to prevent an increase in residual potential in the photosensitive member liable to be caused along with the repetition 
of the electrophotographic image fonning cycles. It is known that an appropriate range of volume resistivity of a pro- 
tective layer is lO^o to 10^5 ohm.cm. The resistivity in the above-mentioned range of protective layer is liable to be 
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affected by ionic conduction and is therefor liable to result in a remarkable change in resistivity due to an environmental 
change. Particularly, in the case of a resinous film containing metal oxide power dispersed therein, it has been very . 
difficult to keep the resistivity of the protective layer in the above-mentioned range under various environmental con- 
ditions since the metal oxide powder surface exhibits a high moisture absorptivity. Further, many resins per se exhibit 

5 ' high moisture absorptivity and are liable to lower the resistivity of the protective layer fomned therefrom. 

[0014] Particularly, in a high-humidity environment, the surface layer of a photosensitive member is liable to have a 
lower resistivity by standing or repetitive surface-attachment of active substances, such as ozone and NO^, and also 
cause a lowering in toner releasability, thus causing image defects such as image flow and insufficient image unifomntty. 
[0015] In the case of dispersing electroconductive particles in a protective layer, it is generally preferred that the 

10 particles have a particle size (diameter) smaller than the wavelength of light incident thereto, that is, at most 0.3 ]xm, 
in order to prevent the scattering of incident light due to the dispersed partteles. Moreover, electroconductive particles 
generally tend to agglomerate with each other when dispersed in a resin solution^ are difficult to disperse, and even if 
once dispersed, are liable to cause secondary agglomeration or precipitation, so that it has been diffbult to fonn a 
resinous film in which fine particles of at most 0.3 p.m in particle size are uniformly dispersed. Further, in other to provide 

15 a protective layer with a better transparency and a better uniformity of electroconductivity, it is particularly preferred to 
disperse fine particles (of at most 0.1 \Lm In primary particle size), but such fine partbles are liable to exhibit even worse 
dispersibillty and dispersion stability. 

[0016] In order to alleviate the above-mentioned difficulties, JP-A 1-306857 has disclosed a protective layer contain- 
ing a fluorine-containing silane coupling agent or titanate coupling agent, or a compound such as CyF^gNCO; JP-A 

20 62-295066 has disclosed a protective layer containing metal or metal oxide fine power subjected to a water-repelling 
treatment for improved dispersibillty and moisture resistance dispersed in a binder resin; and JP-A 2-50167 has dis- 
closed a protective layer containing metal oxide fine power surface-treated with a titanate coupling agent, a fluorine- 
containing silane coupling agent or acetoalkoxy-aluminum diisopropylate dispersed in a binder resin. 
[0017] However, even such a protective layer still shows a lower resistivity to cause image blurring in a high-humidity 

25 environment and exhibits insufficient durability against abrasion or scars due to rubbing, thus being not fully satisfactory 
as a protective layer for providing electrophotographic performances complying with demands for high image qualities 
in recent years. 

[0018] On the other hand, the use of fiuorinated carbon as moderately electroconductive partk^les together with 

various binder resins including a thermosetting phenolic resin for providing a protective layer has been proposed in 
30 JP-A 62-19254. However, the resultant protective layer is not sufficient with respect to dispersion of the fiuorinated 

carbon and environmental stability of the resistivity, thus being liable to result in Increases in resistivity and residua! 

potential in a low humidity environment, and a lower humidity to cause image blurring in a high humidity environment. 

[0019] The use of various themnosetting resins, inclusive of a phenolic resin, together with various filler materials, 

inclusive of a metal oxide, for providing a protective layer, has been proposed in JP-A 5-181299. However, the metal 
35 oxide fine particles disclosed therein are non-conductive reinforcing particles preferably having a particle size of 0.05 

- 3 ^m. Accordingly, the metal oxide particles are not effective for providing a protective layer exhibiting a low resistivity, 

and a sufficient consideration has not been paid to the provision of a transparent protective layer. 

[0020] The inclusion of a charge-transporting substance having a hydroxyl group for providing a controlled resistivity 

In a protective layer has been proposed in JP-A 10-228126 and JP-A 10-228127. 
40 [0021] However, even an electrophotographic photosensitive member provided with such a protective layer has not 

fully succeeded in exhibiting sufficient durability against various external forces including mechanical forces causing 

surface abrasion and scars, and sufficient releasabilrty, as required for complying with severer demands for higher 

durability and higher image quality in recent years. 

45 SUMMARY OF THE INVENTION 

[0022] Accordingly, a generic object of the present invention is to provide an electrophotographic photosensitive 
member having solved the above-mentioned problems of the conventional electrophotographic photosensitive menri- 
bers. 

50 [0023] A more specific object of the present invention is to provide an electrophotographic photosensitive member 
capable of effectively suppressing a lowering in photosensitivity and an increase in residual potential liable to be causpd 
by provision of a protective layer 

[0024] Another object of the present invention is to provide an electrophotographic photosensitive member which 
has a surface layer exhibiting excellent releasability and excellent durability againsSt abrasion and scars and thus can 
55 maintain high-quality images. 

[0025] A further object of the present irivention is to provide a process cartridge and an electrophotographic apparatus 
including such an electrophotographic photosensitive member. 

[0026] According to the present invention, there is provided an electrophotographic photosensitive member, com* 
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prising: a support, a photosensfth/e layer and a protective layer in this order wherein sa.d protechve '^Ver oompnses 
a cured phenolic resin and a charge-transporting compound having at least one group selected from the group con- 
sisting of hydroxyalkyi groups, hydroxyalkoxy groups and hydroxyphenyl groups capable of havmg ^ substrtuent^ 
r002^ Accordi ng to the present invention, there is further provided a process cartndge. comprising: the above-men- 
ionedelectrophotographicphotosensitivemember and at least orie means selectedfom. the group cons.st.ngofch^^^^ 

ing means, developing means and cleaning means; said electrophotographic photosensitwe member and sa.d at least 
one means being integrally supported-and detachably mountable to a main assembly of an electrophotographic ap- 
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roOMl' The present invention further provides an electrophotographic apparatus, comprising: the above-mentioned 
electrophotographic photosensitive member, and charging means, developing means and transfer means respectively 
disposed opposite to the electrophotographic photosensitive member 

V0a2S\ These and other objects, features and advantages of the present invention will become more apparent upon 
a consideration of the following description of the preferred embodiments of the present invention taken in conjunction 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0030] 

Figures 1 A - 1 C are schematic sectional views each showing a laminate structure of an embodiment of the elec- 
trophotographic photosensitive member according to the invention. 

Figure 2 is a schematic illustration of an electrophotographic apparatus including a process cartndge. which in 
turn includes an electrophotographic photosensitive member of the invention. 

25 DETAILED DESCRIPTION OF THE INVENTION 

[0031] As a result of our study, it has been found effective to provide a protective layer comprising a combination of 

a specific binder resin and a specific compound. i,»^«t«.ri,«H 
[0032] More specifically, the electrophotographic photosensitive member of the present invention is characterized 
30 by having a protective layer wherein a cured phenolic resin (that is a cured product of a phenolic resin pnncpally 
obtained by a condensation reaction between a phenol compound and an aldehyde compound) is used as a binder 
resin and combined with a charge-transporting compound having a f unction of quickly dissipating a charge Present at 
a boundary between a charge transport layer and the protective layer As a result, the electrophotographic Photosen- 
sitive member according to the present invention, though it is provided with a protective layer. "^^f^^J 11 
the sensitivity and suppress the increase in residual potential, without impairing the protective strength of the protective 

layer. ... ,, 

[0033] Now. the organization of the protective layer will be described more specifically. 

[0034 The phenolte resin usable as a binder precursor for the protective layer can be any phenolic resin provided 
with curability. The phenolic resin is generally a resin fomied by reaction between a phenol compound and a" aldehyde 
compound and includes two types, i.e., a resole obtained reaction between a phenolic conipound and a" exc^ive 
amount of aldehyde compound in the presence of a basic catalyst, and a novolak obtained by reaction between an 
excessive amount of phenolic compound and an aWehyde compound-in the presence of an acid catalyst. 
[00351 A resole-type phenolic resin is soluble in a solvent, such as an atoohol or a ketone, and crosslinks on heating 
to provide a cured product. On the otherliand. a novolak-type phenolic resin is not generally curable when heated by 
itself but can provide a cured product when heated together with a curing agent, such as parafomialdehyde or hex- 
amethylene-tetramlne. Commercially, a resole-type phenolic resin is generally used as a varnish for a paint, an adhe- 
sive, a cast product or a laminate product, and a novolak-type phenolic resin is principally used as a molding material 

rooser'ln^thlpresent invention, the above-mentioned resole-type and novolak-type phenolic resins both can be used 
so as the binder resin, but the resole-type phenolic resip may preferably be used because of its curability without requiring 
a curing agent, and a processability in the foim of a coating agent. In the present Invention, these phenolic resins n^y 
be used singly or in a mixture of two or more species. It is also possible to use a mixture of a refiole and a novolak. 
[0037] The protective layer according to the present invention may be fon:ned by application of a coating liquid in- 
cluding such a curable phenolic resin and also a charge-transporting compound as described hereinbelow dissolved 
55 or diluted in a solvent onto a photosensitive layer, followed by addition and condensation under heatmg for cunng of 
the phenolic resin. The cured state of the phenolic resin can be confirmed by insolubility in an ateohol solvent, such 

as methanol or ethanol. ^. . 

[0038] The charge-transporting compound used for constituting the protective layer together with the cured phen9lic 



BNSOOCIO: <EP 1 174771 A1J_> 



EP 1 174 771 A1 



resin is a charge-transporting compound having at least one group selected from hydroxyalkyi groups, hydroxyalkoxy 
groups and hydroxyphenyl groups capable of having a substltuent. Such a charge-transporting compound having a 
specific group generally has a good mutual solubility with the above-mentioned curable phenolic resin and can provide 
a cured phenolic resin with good dispersion state. However, the charge-transporting compound used in the present 
invention may preferably assume a basic structure similar to a triphenylamine derivative and also has a specific group 
as mentioned above, in order to ensure a particularly good mutual solubility with the curable phenolic resin. 
[0039] In the above, examples of the substituent possibly attached to the hydroxyphenyl groups may include: halogen 
atoms inclusive of fluorine, chlorine, bromine and iodine; alkyl groups, such as methyl, ethyl, propyl and butyl, each 
capable of having a subsituent; alkoxy groups, such as methoxy, ethoxy, propoxy and butoxy, each capable of having 
a substituent; aryl groups, such as phenyl, naphthyl, anthryl and pyrenyl, each capable of having a substituent; and 
heterocylic groups, such as pyridyl, thienyt, furyl and quinolyl, each capable of having a substituent. 
[0040] Further to say, the charge-transporting compound having a hydroxyalkyi or hydroxyalkoxy group may prefer- 
ably be a triphenylamine derivative represented by any of the following fomnulae (1) - (3): 




wherein R^^, R^g independently denote a linear or branched divalent hydrocarbon group having 1-8 carbon 

atoms; a, P and y independently denote a benzene ring capable of having one or more substltuents selected from 
halogen atoms, alkyl groups, alkoxy groups, aryl groups and heterocyclic groups each being further capable of a sub- 
stituent except for the halogen atoms; a1 , b1 and c1 are independently 1 or 0; and m1 and n1 are independently 1 or 0; 




(2). 



wherein Rgi. R22 ^"^1 R23 independently denote a linear or branched divalent hydrocarbon group having 1 - 8 carbon 
atoms; t, v, 8 and e independently denote a benzene ring capable of having one or more substltuents selected from 
halogen atoms, alkyl groups, alkoxy groups, aryl groups and heterocyclic group each being further capable of a having 
a substituent except for the halogen atoms, with the proviso that x and v can form a ring together via a substituent; a2, 
b2 and c2 are independently 1 or 0; and m2, n2 and p2 are independently 1 or 0 with the proviso that at least one of 
m2, n2 and p2 is 1 . / 
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wherein R32, R33 and R34 independently denote a linear or branched divalent hydrocarbon group having 1.-8 
15 carbon atoms; ^, ti, 6, L, <|) and % independently denote a benzene ring capable of having one or more substituents 
selected from halogen atoms, alkyi groups, alkoxy groups, aryl groups and heterocyclic group each being further ca- 
pable of a having a substituent except for the halogen atoms, with the proviso that ^ and x can form a ring together 
via a substituent; a3, b3, c3 and d3 are independently 1 or 0; and mS, nS and p3 are independently 1 or 0. 
[0041] Incidentally, in the above-fonmulae (1) - (3). the case of suffixes a1 - c1 in (1), a2 - c2 in (2) and a3 - d3 in (3) 
20 being 0 represents that the charge-transporting compounds have a hydroxyalkyi group, and the case of the suffixes 
being 1 represents that the charge-transporting compounds have a hydroxyalkoxy group. 

[0042] The structures of the substituents involved in the charge-transporting compound of the fomnulae (1) - (3) will 
be described in some more detail. 

[0043] In the fomnulae, R-,^ - R^g, Rgi - R23 and Rg^ - R34 independently denote a linear or branched divalent hydro- 
ps carbon group, such as methylene, ethylene, propylene or butylene. Examples of the substituent possibly attached to 
the benzene group of a, p, y, 6, e, ^, ti, 6, L, x, y, 0 and % may include: halogen atoms, such as fluorine, chlorine, 
bromine and iodine; alkyI groups, such as methyl, ethyl., propyl and butyl, each capable of having a substituent; alkoxy 
groups, such as methoxy, ethoxy, propoxy and butoxy, each capable of having a substituent; aryl groups, such as 
phenyl, naphthyl, anthryl and pyrenyl. each capable of having a substituent; and heterocyclic groups, such as pyridyl, 
30 thienyl, furyl and quinolyl. each capable of having a substituent. Incidentally, x and yor^ and % can fomn a ring together 
with a substituent group to provide a polycyclic structure, such as a fluorene skeleton or dihydrophenanthrene. 
[0044] Further, examples of the substituent optionally possessed by the above-enumerated groups may include: 
alkyls, such as methyl, ethyl, propyl and butyl; aralkyls, such as benzyl, phenethyl and naphthylmethyl; aromatic cyclk: 
groups, such as phenyl, naphthyl, anthryl, pyrenyl, fluorenyl, cari^azolyl, dibenzofuryl and dibenzothiophenyl; alkoxy 
35 groups, such as methoxy, ethoxy and propoxy; aryloxy groups, such as phenoxy and naphthoxy; halogens, such as 
fluorine, chlorine, bromine and iodine; nitro and cyano. 

[0045] Some specific examples of the charge-transporting compounds having a hydroxyalkyi group or a hydroxy- 
alkoxy group represented by the fomnulae (1) - (3) are enumerated hereinbelow. These are however not exhaustive. 

40 
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.CHs 
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(3-22) 



40 



45 



50 



(3-23) 



HO-HapHaPHaC 



HO-HiCHaCH: 




CHaCHiCHa-OH 



55 [0047] Among the charge-transporting connpounds represented by the above formula (1 ), Example Compounds (1 -3), 
(1-5), (1-21). (1-22), (1-23). (1-28), (1-40). (1-41), (1-44), (1-53). (1-54). (1-55), (1-56), (1-57), (1-58). (1-59), (1-60) 
and (1-61) are preferred; and Example Compounds (1-5), (1-22). (1-23), (1-41). (1-54) and (1-59) are particularly 
preferred. 
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[0048] Among the charge-transporting compounds represented by the above-fomnula (2), Example Compounds 
(2-7), (2-20), (2-29), (2-30) and (2-32) are preferred; and Example Compounds (2-20) and (2-30) are particularly pre- 
ferred. 

[0049] Among the charge-transporting compounds represented by the above formulae (3), Example Compounds 
(3-7), (3-9). (3-1 0), (3-1 7), (3-22) and (3-23) are preferred; and Example Compounds (3-1 0) and (3-23) are particularly 
preferred. 

[0050] On the other hand, the charge-transporting compound having a hydroxyphenyl group capable of having a 
substttuent may preferably be a compound represented by any one. of the following fomriulae (4) - (6): 

-43- 




OH 



wherein denote a linear or branched divalent hydrocarbon group; R42 denotes a hydrogen atom, an alkyi group, 
an aralkyi group or a phenyl group, each capable of having a substituent except for the hydrogen atom; Ar4^ and Ar^g 
independently denote an alkyI group, an aralky! group, an aryl group or a heterocyclic group each capable of having 
a substituent; Ar43 denotes an arylene group or a divalent heterocyclic group each capable of having a substituent; 
m4 and n4 are independently 0 or 1 with the proviso that m4 = 0 when n4 = 0, and k and X independently denote a 
benzene ring capable of having one or more substituents selected from halogen atoms, alkyi groups, alkoxy groups, 
aryl groups, and heterocyclic groups each capable of having a substituent except for the halogen atoms. 




(5), 

wherein R51 denote a linear or branched divalent hydrocariDon group; Ar^^ and Ar^2 independently denote an alkyI 
group, an aralkyi group, an aryl group or a heterocyclk: group each capable of having a substituent; \i and v independ- 
ently denote a benzene ring capable of having one or more substituents selected from halogen atoms, alkyI groups, 
alkoxy groups, aryl groups, and heterocyclic groups each capable of having a substituent except for the halogen atoms 
with the proviso that and v can form a ring together with a substituent; and m5 is 0 or 1 . 




wherein Rgi and R^g independently denote a linear or branched divalent hydrocarbon group; Arg^ denotes an alkyl 
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group, an aralkyi group, an aryl group or a heterocyclic group each capable of having a substituent; ^, jc, p and a 
Independently denote a benzene ring-capable of having one or more substituents selected from halogen atoms, alkyi 
groups, alkoxy groups, aryl groups, and heterocyclic each capable of having a substituent except for the halogen atoms 
with the proviso that ^ and tc or p and a can fonn a ring together with a substituent and m1 and n1 are independently 
5 0 or 1 . 

[0051] The structures of the substituents involved in the charge-transporting compound of the fomnulae (4) - (6) will 
be described in some more detail. 

[0052] In the fonnulae, R41 , , Rgi and independently denote a linear or branched divalent hydrocarbon group, 
such as methylene, ethylene, propylene or butylene. 
10 [0053] R42 denotes a hydrogen atom; an alkyI group, such as methyl, ethyl, propyl or butyl, each capable of having 
a substituent; an aralkyi group, such as benzyl, phenetyl or naphthyl methyl, each capable of having a substituent; or 
a phenyl capable of having a substituent. 

[0054] Examples of the substituent possibly attached to the benzene group of k, X, p., v, ^, tc, p and o may include: 
halogen atoms, such as fluorine, chlorine, bromine and iodine; alkyI groups, such as methyl, ethyl, propyl and butyl, 

15 each capable of having a substituent; alkoxy groups, such as methoxy, ethoxy. propoxy and butoxy, each capable of 
having a substituent; aryl groups, such as phenyl, naphthyl, anthryl and pyrenyl, each capable of having a substituent; 
and heterocyclic groups, such as pyridyl, thienyl, furyl and quinolyl, each capable of having a substituent. Incidentally, 
\i and v. ^ and n, or p and a can fomri a ring together with a substituent group to provide a polycyclb structure, such 
as a fluorene skeleton or dihydrophenanthrene. 

20 [0055] Ar4i, Ar42, Arg^, Ar^z and Arg^ independently denote an alkyI group, such as methyl, ethyl, propyl or butyl, 
each capable of having a substituent; an aralkyi group, such as benzyl, phenethyl or naphthylmethyl, each capable of 
having a substituent; an aralkyi group, such as benzyl, phenetyl or naphthylmethyl, each capable of having a substit- 
uent; an aryl group, such as phenyl, naphthyl, anthryl or pyrenyl, each capable of having a substituent: or a heterocyclk> 
group, such as pyridyl, thienyl, furyl or quinolyl, each capable of having a substituent. 

25 [0056] Ar43 denotes an arylene group, such as phenylene, naphthylene, anthrylene or pyrenylene. each capable of 
having a substituent; or a divalent heterocyclic group, such as pyridylene or thienylene, each capable of having a 
substituent. 

[0057] Further, examples of the substituent optionally possessed by the above-enumerated groups may include: 
alkyls, such as methyl, ethyl, propyl and butyl; aralkyls, such as benzyl, phenethyl and naphthylmethyl; aromatic cyclic 
30 groups, such as phenyl, naphthyl, anthryl, pyrenyl, fluorenyl. carbazolyl. dibenzofuryl and dibenzothiophenyl; alkoxy 
groups, such as methoxy, ethoxy and propoxy; aryloxy groups, such as phenoxy and naphthoxy; halogens, such as 
fluorine, chlorine, bromine and iodine; nitro and cyano. 

[0058] Some specific examples of the charge-transporting compounds having a hydroxyphenyl group represened 
by the fonnulae (4) - (6) are enumerated herelnbelow. These are however hot exhaustive. 

35 



40 



45 
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55 
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[Example Compounds] 
[0059] 
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N-\^-CH2CH27-^^^-OH 
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[0060] Among the charge-transporting compounds 

[0061] represented by the above fomnula (4), Example Compounds (4-6), (4-8), (4-13). (4-14) and (4-55) are pre- 
ferred, and Example Compounds (4-14) and (4-55) are particularly preferred. 

[0062] Among the charge-transporting compounds represented by the above fomiula (5), Example Compounds 
(5-13), (5-14), (5-16), (5-18), (5-19), (5-26) and (5-29) are prefen-ed^ and Example Compound (5-29) is particularly 
prefen'ed. 

[0063] Among the charge-transporting compounds represented by the above formula (6), Example Compounds 
(6-10), (6-11), (6-12), (6-14), (6-15), (6-18), (6-19) and (6-20) are preferred, and Example Compounds (6-14), (6-18),. 
(6-19) and (6-20) are particularly preferred. 

[0064] From the viewpoint of providing an increased strength of the protective layer, it is preferred to use a charge- 
transporting compound having a phenolic residue group capable of crossllnking three-dlmenslonally to be cured to/ 
gether with the phenolic resin constituting the protective fayer. On the other hand, from the viewpoint of suppressir^ 
the lowering in sensitivity and the increase in residual potential, it is preferred to use a charge-trai)§porting compoui^ 
having a hydroxyalkyi group or a hydroxyalkoxy group for providirig a protective layer less liable to be affected by a 
change In humidity. 

[0085] In order to provide a further better mutual solubility between the charge-transporting compound and the cur- 
able phenolic resin, it is preferred that the divalent hydrocarbon groups denoted by R^^, R^g, R13, R21> ^22. ^23. R31. 
^32» ^34* f^5i« ^61 ^€2 formulae (1) - (6) have at most 4 carbon atoms, and the charge-transporting 
compound has at least two of hydroxyalkyi groups, hydroxyalkoxy groups or hydroxyphenyl groups (l.e.. phenolic res- 
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idue groups). 

[0066] The coating liquid for a protective layer may be formed by uniformly dissolving or dispersing the charge- 
transporting compound and the curable phenolic resin together with an appropriate solvent and applied onto a photo- 
sensitive layer, followed by curing, to provide a protective layer. In the coating liquid, the charge-transporting compound 
5 and the curable phenolic resin may preferably be contained in a weight ratio range of 0.1/10 - 20/10, more preferably 
0.5/10 - 10/10. If the amount of the charge-transporting compound relative to the phenolic resin is excessively small, 
the effect of lowering the residual potential Is lowered, and if excessive on the contrary, the strength of the protective 
layer Is liable to be lowered. 

[0067] If the protective layer having the above organization is caused to further contain electroconductive particles, 

10 the effect of lowering the residual potential can be enhanced. 

[0068] The electroconductive particles may include particles of metals, metal oxides and carbon black. More specif- 
ically, metal particles may include particles of metals such as aluminum, zinc, copper, chromium, nickel, silver, and 
stainless steel, and plastic particles coated with a vapor-deposlted film of these metals. Examples of the metal oxide 
particles may include: particles of metal oxides, such as zinc oxide, titanium oxide, antimony oxide, indium oxide, 

15 bismuth oxide, tin-doped indium oxide, antimony-doped tin oxide, tantalum-doped tin oxide, and antimony-doped zir- 
conium oxide. These electroconductive particles may be used singly or in combination of two or more species, In the 
case of using two or more species In combination, they may be used simply in mixture or In the fonm of a solid solution 
or a melt-attached fomi. 

[0069] Among the above-mentioned electroconductive particles, it is particularly preferred to use metal oxide particles 

20 in view of the transparency of the resultant protective layer. Further, among the metal oxide particles, It is particularly 
preferred to use tin oxide particles, which may be surface-treated for the purpose of Improving the dispersiblllty and 
the stability of the coating liquid, or doped with antimony or trantalum for the purpose of resistivity control. 
[0070] The electroconductive particles may preferably have a volume-average particle sfee of at most 0.3 p.m, par- 
ticularly 0.1 |im or smaller, in view of the transparency of the resultant protective layer. The average particle size may 

25 be measured by using an ultra-centrifugal particle size distribution measurement apparatus for particles in a coating 
liquid for the protective layer. It is also preferred that the metal or metal oxide particles exhibit a volume resistivity of 
1 0-"» -1 06 ohm.cm, more preferably 1 0° -1 0^ ohm.cm as measured by the tablet method, wherein ca. 0.5 g of sample 
particles are placed In a cylinder having a bottom area of 2.23 cm^ and sandwk^hed between a pair of electrodes under 
a pressure of 1 5 kg to measure a resistance value under application of 1 00 volts in an environment of 23 **C/50 %RH. 

30 [0071] In the protective layer of the electrophotographic photosensitive member of the present Invention, not the 
charges are transported by a low-resistivity conductor function of the protective layer, but the charges are transported 
by the function of the charge-transporting compound contained in the protective layer to retain the sensitivity and lower 
the residual potential of the photosensitive member provided with such a protective layer. Accordingly, the volume 
resistivity of the protective layer need not be set to a low value but can be retained at a level of IxlO''^ ohm.cm or 

35 higher, thereby effectively suppressing difficulties, such as image flow of electrostatic latent Images formed thereon. 
[0072] Accordingly, the electroconductive particles may be contained in the protective layer only as an auxiliary agent 
for controlling the volume resistivity of the protective layer and can be omitted, if not required. Anyway, a larger content 
of electroconductive particles results in a mechanically weaker protective layer, so that the content thereof should 
preferably be minimized within allowable ranges of volume resistivity and residual potential of the protective layer 

40 [0073] The surface releasabillty of the photosensitive member of the present Invention can be further Improved by 
Incorporating fluorine-containing resin particles as lubricant particles. 

[0074] Examples of the fluorine-containing resin providing the prefenred class of lubricant particles may include: 
tetrafluoro-ethylene resin, trifluorochloroethylene, hexafluoroethylene-propylene resin, vinyl fluoride resin, vinylidene 
fluoride resin, difluorodlchloroethylene resin, and copolymers of these. These resin particles may be used singly or In 
45 combination of appropriately selected two or more species. Particles of tetrafluoroethylene resin and vinylidene fluoride 
resin are particularty pretended. The molecular weight and the pardcie size of these resin particles may appropriately 
be selected and need not be particuiariy restricted 

[0075] In the case of dispersing such fluorine-containing resin particles together with the electroconductive particles 1 '>r. 
in a coating resin liquid of the protective layer, it is preferred to add a fluorine-containing compound in the coating liquid ^ 

50 prior to the dispersion of the electroconductive particles, or to surface-treat the electroconductive particles with a flu- 
orine-containing compound prior to the addition thereof, so as to minimize the agglomeration of the electroconduc^e 
particles together with the fluorine-containing resin particles. By the addition of or surface treatme^with such afluorine- 
containing compound, it becomes possible to remari<ably improve the disperslbility and dispersion stability of the elec- 
troconductive particles and the fluorine-containing resin particles In the coating liquid. Further, by dispersing the fluo- 

55 rlne-contalning resin particles into a coating liquid wherein the electroconductive particles have been dispersed together 
with the fluorine-containing compound or the electroconductive particles surface-treated with the fluorine-containing 
compound have been dispersed, it becomes possible to obtain a coating liquid with good dispersion stability with time 
and free from fonmation of the secondary particles of the dispersed particles. 
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[0076] The fluorine-containing compound suitably usable for the above purpose may be a fluorine-containing silane 
coupling agent, a fluorinated silicone oil or a fluorine-containing surfactant, examples of which may be enumerated 
heretnbelow. These are however not exhaustive. 



s [Ruorine-containing silane coupling agents] 

[0077] 

CF3CH2CH2SI(OCH3)3 

C-,oF2iCH2CH2SCH2CH2Si(OCH3)3 

C4F9CH2CH2Si(OCH3)3 

C6Fi3CH2CH2Si(OCH3)3 

C8Fi7CH2CH2Si(OCH3)3 

C3F^'7CH2CH2Si(OCH2CH2CH3)3 

15 CioF2iSI(OCH3)3 

C6F^3CONHSi(OCH3)3 
C8Fi7CONHSi(OCH3)3 
C7Fi5CONHCH2CH2CH2Si(OCH3)3 
C7Fi5CONHCH2CH2CH2Si(OCH2CH3)3 

20 C7Fi5COOCH2CH2CH2Si(OCH3)3 
C7Fi5COSCH2CH2CH2Si(OCH3)3 
C7F^5S02NHCH2CH2CH2Si{OCH3)3 



C8Fi7S02NCH2CH2CH2Si (OCH3 )3 



CH2CH3 



30 CeFi7CH2CH2SCH2CH2SI(OCH3)3 
CioF2iCH2CH2SCH2CH2Si(OCH3)3 



C7F1 5CONCH2CH2CH2Si ( OCH2CH3 ) 3 

35 j 

CCfC7Fi5 



C7Fi5CONCH2CH2CH2Si (OCH2CH3 ) 3 
SO2C8F17 

45 [Ruorinated silicone oil] 
[0078] 



CH3 - Si - O -f- Si Oj-j- Si — 0}—- Si - CH3 



CHo ^ CHo /m XCH-j /n CI 



CH3 ^ CH3 /m \CH3 /n CH3 

R: -CH2CH2CF3, jn Si iii: positive integer 
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[Ruorine-containing surfactants] 
[0079] 

5 X-SOgNRCHgCOOH 

X-S02NRCH2CH20(CH2CH20)„H 

(n = 5,10,15) 

X-S02N(CH2CH2CH20H)2 

X-RO(CH2CH20)n (n = 5, 10. 15) 
10 X-(RO)„(n = 5, 10, 15) 

X-(RO)„R(n = 5. 10.15) 



o 

X-COOH, X-CH2CH2COOH 
X-ORCOOH 
20 X-ORCH2COOH, X-SO3M 

X-ORSO3H. X-CH2CH2COOH 



25 



X-CHoOCHoCHCH:7 



30 X-CH2CH2OCH2CHCH2 

O 



^ X-CO2CH2CHCH2 

o 

40 R: alkyi, aryl or aralkyi. 

X: fluorocarbon group, such as -CF3, -C4Fg, or -CqF^j 

f 

[0080] For the surface treatment of the electroconductive particles, the electroconductive particles may be mixed 
and disposed together with a surface-treating agent (fluorine-containing compound) in an appropriate solvent so as to 
^5 anach the surface-treating agent onto the electroconductive particles. For the dispersion, ordinary dispersion means 
such as a ball mill or a sand mill, may be used. Then, the soh/ent may be removed from the'dispersion liquid to fix the 
surface-treating agent onto the electroconductive particles, optionally followed by a heat treatment. As desired, the 
electroconductive particles after the surface-treatment may be disintegrated or pulverized. 

[0081] The fluorine-containing compound may be used so as to provide a surface treating amount of 1 - 65 wt. %, 
so preferably 1 - 50 wt. %. based on the total weight of the surface-treated electroconductive particles. / 
[0082] In another preferred embodiment of the present invention, a phenolic resin exhibiting a better environmen^l 
stability Is provided by adding a slloxane compound as represented by afomiufa shown below ioJt0 a coating liquid or 
surface-treating the electroconductive particles with such a siloxane compound prior to the dispersion of the electro- 
conductive particles in the coating liquid: 

55 
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5 




wherein each T represents a hydrogen atom or a methyl group with the proviso that the hydrogen atom occupies 0.1 

10 - 50 % of total T sites, and t is an integer of at least 0. 

[0083] By using a coating liquid obtained by dispersing the electroconductive particles after addition of the stioxane 
compound or after the surface-treatment with the siloxane compound, it becomes possible to obtain a coating liquid 
exhibiting good dispersion stability with time and free from fomriation of secondary particles of the dispersed particles 
and provide a protective layer having a high transmlttance and excellent environmental stability by using the coating 

15 liquid. 

[0084] The molecular weight of the siloxane compound represented by the above formula need not be particularly 
restricted but may preferably be on the order of several hundred to several tens of hundred In temns of a weight-average 
molecular weight In order to avoid an excessively high viscosity for easiness of surface treatment In the case of the 
surface treatment. 

20 [0085] The surface treatment may be effected in a dry system or a wet system. In the wet treatment, the electrocon- 
ductive particles may be mixed and dispersed together with the siloxane compound in an appropriate solvent to attach 
the siloxane compound onto the particle surfaces. For the dispersion, ordinary dispersion means, such as a ball mill 
or a sand mill, may be used. During the heating for removal of the solvent for attaching the siloxane compound, the 
Si-H bond In the siloxane bond is oxidized with oxygen in the air to form a new siloxane bond, thereby developing a 

25 three-dimensional network structure of siloxane by which the electroconductive particles are covered. In this way, the 
surface treatment Is completed by attachment of the siloxane compound onto the electroconductive particles, but the 
thus surface-treated particles can be further disintegrated or pulverized, as desired. 

[0086] In the dry system treatment, the siloxane compound and the electroconductive particles are blended and 
kneaded without using a solvent to attach the siloxane compound onto the particle surfaces. Thereafter, the particles 
30 are heated and pulverized or disintegrated to complete the surface treatment. 

[0087] The surface treating amount with the siloxane compound may preferably be 1 - 50 wt. %. more preferably 3 
- 40 wt. %, based on the surface-treated particles, while it can depend on the particle size and ratio of methyl/hydrogen 
in the siloxane compound. 

[0088] The solvent for fomning a coating liquid for fomriing a protective layer (protective layer-coating liquid) together 

35 with the above-mentioned ingredients including the curable phenolic resin and the charge-transporting compound, may 
preferably be one which well dissolves the curable phenolic resin and the charge-transporting compound, and when 
electroconductive particles are use, can well disperse the particles. Moreover, if further optional ingredients, such as 
the fluorine-containing resin particles, the fluorine-containing compound and the siloxane compound, are included, the 
solvent may preferably exhibit good dissolving power or processability to these ingredients, and may preferably be one 

40 not adversely affecting the photosensitive layer (or a charge transport layer therein) disposed below the protective layer. 
[0089] Examples of the solvent may include: alcohols, such as methanol, ethanol and 2-propanol; ketones, such as 
acetone and methyl ethyl ketone; esters, such as methyl acetate and ethyl acetate; ethers, such as tetrahydrofuran 
and dioxane; aromatk; hydrocarbons, such as toluene and xylene; and halogenated hydrocarbons, such aschloroben- 
zene and dichloromethane. These soWSnts can also be used in mixture. Among these, alcohols, such as methanol, 

45 ethanol and 2-propanol, are most suitable for use In combination with the phenolic resin. 

[0090] Most conventional charge-transporting materials are generally insoluble or scarcely soluble In an alcohol 
solvent, but most charge-transporting compounds used in the present invention are soluble in a solvent principally 
comprising an alcohol, so that they can be well dispersed in a phenolic resin-based coating liquid. 
[0091 ] The application of the protective layer-coating liquid may be performed by ordinary coating methods, such as 

50 dipping, spray coating, spinner coating, roller coating, wire bar coating and blade coating. / 
[0092] As for the thickness of the protective layer, too small a thickness fails to improve the durability of the photo- 
sensitive mennber, and too large a thickness is liable to cause an increase in residual potential^ccordingly, it is nec- 
essary to adopt an appropriate thickness, which is preferably in a range of 0.1 - 10 pn, more preferably OS -7 ^m. 
[0093] The protective layer can further contain another additive, such as an anti-oxidant for preventing the surface 

55 layer deterioration due to attachment of active substances, such as ozone and NO^ occurring in the charging step. 
[0094] Next, the organization of the photosensitive layer will be described. 

[0095] The electrophotographic photosensitive member of the present invention may preferably have a laminate- 
type photosensitive layer Including a charge generation layer containing a charge-generating material and a charge 
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transport layer containing a charge-transporting material. 

[0096] Figures 1A - 1C show three embodiments of laminate structure of the electrophotographic photosensitive 
member each Including such a laminate-type photosensitive layer. More specifically, the electrophotographic photo- 
sensitive member shown in Figure 1 A includes an electroconductrve support 4. and a charge generation layer 3 and 

5 a charge transport layer 2 successively disposed thereon, and further a protective layer 1 as the surfacemost layer. 
As shown in Figures 1 B and 1 C, the photosensitive member can further include an undercoating layer 5, and further 
an electroconductive layer 6 for the purpose of, e.g., preventing the occurrence of interference fringes. 
[0097] The electroconductive support 4 may be composed of a material which per se shows electroconductivity, such 
as aluminum, aluminum alloy or stainless steel; such an electroconductive support or a plastic support coated with a 

10 vapor deposition layer of aluminum: aluminum alloy or indium oxide-tin oxide campsite; a support comprising plastic 
or paper impregnated with electroconductive fine particles, such as carbon black, and fine particles of tin oxide, titanium 
oxide, and silver, together with an appropriate binder resin; or a shaped support comprising an electroconductive resin. 
[0098] The undercoating layer 5 having a barrier function and an adhesive function may be disposed between the 
electroconductive layer 4 and the photosensitive layer (2 and 3). More specifically, the undercoating layer 5 is inserted 

15 tor the purpose of improving the adhesion of the photosensitive layer thereon, improving the applicability of the pho- 
tosensitive layer, protecting the support, coating defects on the support, Improving the charge injection from the support, 
and protecting the photosensitive layer from electrical breakdown. The undercoating layer s may be formed of, e.g., 
casein, polyvinyl alcohol, ethyl cellulose, ethylene-acryllc acid copolymer, polyamlde, modified polyamide, poly- 
urethane, gelatin or aluminum oxide. The undercoating layer 5 may preferably have a thk;kness of at most 5 ^im, 

20 particularly 0.1-3 ^m. 

[0099] Examples of the charge-generating material constituting the charge generation layer 3 may include: (1) azo 
pigments, such as amono-azo, dis-azo and tris-azo pigments, (2) phthalocyanine pigments, such as metallophthalo- 
cyanines and non-metallic phthalocyanine, (3) indigo pigments, such as indigo and thioindigo, (4) perylene pigments, 
such as pe ry I enetetracarboxy lie dian hydride and perylenetetracarboxylic diimide, (5) polycyclic quinone pigments, such 
25 as anthraquinone and pyrenequinone, (6) squatylium colorants, (7) pyrylium salts and thiopyrylium salts, (8) triphenyl- 
methane colorants, (9) inorganic substances, such as selenium, selenium-tellurium and amorphous silicon, (10) 
quinacridone pigments, (11) azulenium salt pigments, (12) cyanine dyes, (13) xanthene colorants; (14) quinonelmine 
colorants, (1 5) styryl colorants, (1 6) cadmium sulfide and (1 7) zinc oxide. 

[0100] Examples for the binder resin for the charge generation layer 3 may include: polycarbonate resin, polyester 
30 resin, polyarylate resin, butyral resin, polystyrene resin, polyvinyl acetal resin, diallyl phthalate resin, acrylic resin, 
methaciyllc resin, vinyl acetate resin, phenolic resin, silicone resin, polysulfone resin, styrene-butadlene copolymer 
resin, alkyd resin, epoxy resin, urea resin, and vinyl chloride-vinyl acetate copolymer resin. These are however not 
exhaustive. These resins may be used singly or in mixture or copolymer of two or more species. 
[0101] The solvent for forming a paint for forming the charge generation layer 3 may be selected depending on the 
35 solubility and dispersion stability of the resin are charge-generating materia! used, e.g., from organic solvents, such 
as alcohols, sulfoxides, ketones, ethers, esters, aliphatic halogenated hydrocarbons and aromatic compounds. 
[0102] The charge generation layer 2 may be fomned by dispersing and mixing the charge-generating material to- 
gether with 0.3 - 4 times by weight thereof of the binder resin and a solvent by means of ahomogenizer, an ultriasonte 
disperser, a ball mill, a sand mill, an attritor or a roll mill to form a coating liquid, which is then applied and dried to form 
"to the charge generation layer 3. The thickness may preferably be at most 5 ^un, particularly in a range of 0.01 - 1 \in\. 
[0103] The charge generation layer 3 can further contain various additives, such as a sensitizer, an anti-oxidant, an 
ultraviolet absorber and a plasticizer. ^ . 

[0104] Examples of the charge-transporting material constituting the charge transport layer 2 may include: triar- 
ylamine compounds, hydrazone compoiThds, styryl compounds, stilbene compounds, pyrazoline compounds, oxazole 

"^5 compounds, thlazole compounds and triarylmethane compounds. 

[0105] Examples of the binder resin for forming the charge transport layer 2 may Include: acrylic resin, styrene resin, 
polyester, polycarbonate resin, polyarylate, polysulfone, polyphenylene oxide, epoxy resin, polyurelhane resin, alkyi 
resin and unsaturated resin. Particularly preferred examples thereof may include: polymethyl methacrylate, polysty- 
rene, styrene-acrylonitrile copolymer, polycarbonate resin and diallyl phthalate resin. 

50 [01 06] The charge transport layer 2 may generaljy be formed by dissolving the charge transporting material and the 
binder resin in a soh^ent to fonm a coating liquid, followed by application and drying of the coating liquid. Tbe change- 
transporting material and the binder resin may be blended in a weight ratio of ca. 2:1 to 1 :2. E^cacnples of the solvent 
may include: ketones, such as acetone and methyl ethyl ketone, aromatic hydrocarbons, such as toluene and xylene, 
chlorinated hydrocarbons, such as chlorobenzene, chlorofomn and carbon tetrachlorkle, and ethers, such as tetrahy- 

55 drofuran and dioxane. 

[01 07] For application of the coating liquid, it is possible to use a coating method, such as dip coating, spray coating 
or spinner coating. The drying may be perfomied at a temperature of 1 0 - 200 •C, preferably 20-150 •C, for a period 
of 5 min. to 5 hours, preferably 10 min. to 2 hours, under air blowing or standing. 



59 

BNSOOCID: <EP 1 174771 A1J_> 



EP 1 174 771 A1 



[0108] The charge transport layer 2 is electrically connected with the above-mentioned charge generation layer 3, 
and functions to receive charge earners injected from the charge generation layers and transport the charge caniers 
to the boundary with the protective layer 1 thereabove under the action of an eiectric field. In view of the limitation for 
charge transportation, the charge transport layer 2 cannot be made thicker than necessity but may preferably have a 
5 thickness in the range of 6 - 40 mm. particularly 7 - 30 ^im. 

[0109] The charge transport layer 2 can further contain various additives, such as an antioxidant, and ultraviolet 
absorber, and a lubricant, In addition to the charge-transporting material. 

[0110] The electrophotographic photosensitive member of the present invention may be fomned by disposing the 
above-mentioned protective layer 1 on the charge transport layer 2. 
10 [01 1 1 1 Next, some description will be made on the process cartridge and the electrophotographic apparatus accord- 
ing to the present invention. 

[01 1 2] Figure 2 shows a schematic structural view of an electrophotographic apparatus including a process cartridge 
using an electrophotographic photosensitive member of the invention. Referring to Figure 2. a photosensitive member 
11 in thefomn of a drum is rotated about an axis 12 at a prescribed peripheral speed in the direction of the an^ow shown 

15 inside of the photosensitive member 11 . The peripheral surface of the photosensitive member 11 is uniformly charged 
by means of a primary charger 13 to have a prescribed positive or negative potential. At an exposure part, the photo- 
sensitive member 1 1 is Imagewise exposed to light 1 4 (as by slit exposure or laser beam-scanning exposure) by using 
an Image exposure means (not shown), whereby an electrostatic latent image is successively formed on the surface 
of the photosensitive member 1 1 . The thus f onmed electrostatic latent image is developed by using a developing mieans 

20 15 to form a toner image. The toner image is successively transferred to a transfer (-receiving) material 17 which is 
supplied from a supply part (not shown) to a position between the photosensitive member 11 and a transfer charger 
15 in synchronism with the rotation speed of the photosensitive member 11 , by means of the transfer charger 16. The 
transfer material 1 7 carrying the toner image thereon is separated from the photosensitive member 1 1 to be conveyed 
to a fixing device 1 8, followed by image fixing to print out the transfer material 1 7 as a copy outside the electrophoto- 

25 graphic apparatus. Residual toner particles remaining on the surface of the photosensitive menrber 1 1 after the transfer 
operation are removed by a cleaning means 1 9 to provide a cleaned surface, and residual charge on the surface of 
the photosensitive member 1 1 is erased by a pre exposure means issuing per-exposure light 20 to prepare for the next 
cycle. The pre-exposure means can be omitted, as the case may be. 

[01 1 3] According to the present Invention, in the electrophotographic apparatus. It is possible to integrally assemble 

30 a plurality of elements or components thereof, such as the above-mentioned photosensitive member 11 , the primary 
charger (charging means) 13, the developing means and the cleaning means 19, into a process cartridge detachably 
mountable to the apparatus main body, such as a copying machine or a laser beam printer. The process cartridge may, 
for example, be composed of the photosensitive member 1 1 and at least one of the primary charging means 13, the 
developing means 15 and cleaning means 19, which are integrally assembled into a single unit capable of being at- 

35 tached to or detached from the apparatus body by the medium of a guiding means such as a rail of the apparatus body. 
[01 14] In the case where the electrophotographic apparatus is used as a copying machine or a printer, for example, 
the imagewise exposure light 14 may be provided as reflected light or transmitted light from an original, or signal light 
obtained by reading an original by a sensor, converting the read data Into signals, and scanning a laser beam or driving 
a light-emitting device, such as an LED array or a liquid crystal shutter array, based on the signals. 

40 [01 15] The electrophotographic photosensitive member according to the present Invention may be used not only in 
an electrophotographic copying machine and a laser beam printer, but also in other electrophotography-applied appa- 
ratus, such as a CRT printer, an LED printer, a facsimile apparatus, a liquid crystal printer and a laser plate making. 
[01 1 6] Hereinbelow, the present Invention will be described more specifically with reference to Examples and Com- 
parative Examples wherein "parts" and "%" used for describing a relative amount of a component or a material are by 

45 weight unless specifically noted othennrlse. 

Example 1 

[0117] An aluminum cylinder of 30 mm in diameter and 260.5 mm in length (made of aluminum alloy according to 
50 JIS-A3003), as a support, was coated by dipping with a coating liquid comprising a 5 wt. %-solution in methanol of a 
polyamide resin ("AMILAN CM 8000", available from Toray K.K.). followed by drying to form a 0.5 jim-thick undercoatj^g 
layer. 

[01 18] Separately, a coating liquid for providing a charge generation layer was prepared by mixing 4. parts of oxyli- 
tanium phthalocyanine pigment represented by a formula shown below and characterized by strong peaks at Bragg 
55 angles (2G ± 0.2 deg.) of 9.6 deg., and 27.3 deg. according to Cu Ka characteristic X-ray diffraction: 
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15 

With 2 parts of polyvinyl butyral resin ("BX-r available from Sekisul Kagaku Kogyo K.K.) and 110 parts of cyclohex- 
anone, dispersing the mixture liquid for 4 hours in a sand mill containing 1 mm-dia. glass beads. After dilution with 130 
parts of ethyl acetate, the resultant coating liquid was applied by dipping onto the undercoating layer and heated for 
drying to form a 0.1 8 nm-thick charge generation layer. 
20 [0119] Then, a solution of 7,5 parts of a charge-transporting compound of the following fonmula: 



25 




and 1 0 parts of bisphenol Z-type polycarbonate resin ("Z-200", available from Mitsubishi Gas Kagaku K.K.) in a mixture 
30 of 60 parts of monochroloberizene and 20 parts of dchloromethane. was applied by dipping onto the charge generation 
layer and heated with hot air for drying at 110 fori hour to fomt a 20 lom-thick charge transport layer 
[0120] Then, a coating liquid for providing a protective layer was prepared as follows. First, 35 parts of 7 %-surface- 
treated antimony-doped tin oxide fine particles, i.e., surface-treated with 7 % (7 parts for 1 00 parts of the fine particles) 
of a fluorine-containing silane coupling agent ("LS-1090", made by Shin-Etsu Kagaku Kogyo K.K.) represented by a 
35 formula below: 

O-CH3 

40 F3C-CH2-CH2-Si-0-CH3 , 

O-CH3 

was mixed with 150 parts of ethanol Tbr^6 hours of dispersion in a sand mill to fomn a dispersion liquid containing the 
tin oxide particles In a volume-average particle size (Dv) of 0.03 ^m, and then 20 parts of polytetrafluoro-ethylene fine 
particles (Dv = 0.18 ^im) was added thereto, followed by further 12 hours dispersion. Then, 54 parts (non-volatile matter 
content = 45 %) of resole-type phenolic resin (''PR-53123-, made by Sumitomo Durez K.K.) and the above-mentioned 
Example Compound (1 -23) (charge-transporting compound having a hydroxyalkyi group) were dissolved in the above- 
formed dispersion liquid, followed by dilution with 35 parts of ethanol, to fomn a coating liquid. 

[0121] The thus-prepared protective layer coating liquid was then applied by dipping onto the above-formed charge 
transport layer and dried and cured by heating with hot air at 145 •C to form a 3 pjm-thick protective layer, ther^^fay 
obtaining a photosensitive member The coating liquid exhibited a good dispersion of the partiel^s therein, and the 
resultant protective layer provided a uniform surface with no irregularity. 

[0122] The electrophotographic performances of the above-prepared photosensitive member were evaluated by. 
55 setting it in a remodeled product of a commercially available laser beam printer ("LBP-NX", made by Canon K.K.) and 
evaluated In environments of NT/NH (nonnal temperature/nonmal humidity = 23 •^C/eo %RH) and NT/LH (normal tem- 
perature/low humidity = 23 *C/10 %RH)- For measurement of electrophotographic sensitivity, the photosensitive mem- 
ber was charged to a dark potential of -700 volts, and then a light quantity required to lower the potential to -200 vqlts 
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was measured as a measure of sensitivity (E500 (^uJ/cm^)) and a potential after irradiation with a light quantity of 20 
\LJ/crr? was measured as a residual dual potential (Vr (-volts)), respectively by irradiation with laser light at a wavelength 
of 780 nm. Further, by using the laser beam printer, the photosensitive member was subjected to measurement of a 
transfer efficiency at an initial stage and an abrasion after continuous printing on 5000 sheets. 
5 [0123] Separately from the above electrophotographic perfomiance evaluation, the protective layer was evaluated 
with respect to a hardness (HU) and a volume resistivity (Rv) by forming a separate protective layer sample from the 
above protective layer-coating liquid. - 

[0124] More specifically, for the hardness measurement, the protective layer-coating liquid was applied on a glass 
plate and cured under an identical condition as for the provision of the protective layer on the photosensitive layer. 
10 This was repeated 3-4 times to form a 1 0 |im-thick protective layer sample. Then, a diamond stylus having a pyramid 
tip apex angle of 136 deg. was pressed under a load W (N) down to a depth of 1 |xm in the protective layer film, and 
the resultant depression trace surface Sd {mnn2) was measured to calculated a universal hardness value HU (N/mm^) 
according to the following formula (I): 



[0125] For the resistivity measurement, the protective layer-coating liquid was applied by a wire bar over a polyeth- 
ylene terephthalate film already provided thereon with comb-shaped electrodes of vapor-deposited aluminum with a 
gap of 180 p.m and cured by a hot air drying under an identical condition as the formation on the protective layer on 
the protective layer to fomn an identical thickness of protective layer film. The film sample was then supplied with a 
voltage of 100 volts by a tester ("pA-METER 41406", made by Hewlett Packard Corp.). The measurement was per- 
formed In an environment of 23 **C and 50 %RH. 

[0126] The results of the above evaluation are inclusively shown in Table 1 together with those of the following 
Examples. 

Examples 2-9 

[0127] Eight photosensitive members were prepared and evaluated in the same manner as in Example 1 except for 
using protective layer-coating liquids obtained by using an Example Compound or a mixture of Example Compounds 
listed in Table 1 instead of Example Compound (1-23) as the charge-transporting compound. 

Examples 10-13 

^ [0128] Four photosensitive members were prepared and evaluated in the same manner as in Examples 1 , 5, 6 and 
9, respectively, except for using protective layer-coating liquids obtained by reducing the amount of the 7 %-surface- 
treated antimony-doped tin oxide fine particles to 20 parts and further adding 1 5 parts of 20 %-surf ace-treated antimony- 
doped tin oxide fine particles (surface-treated with methyl hydrogen silicone oil ("KF99", nnade by Shin-Etsu Silkx>ne 
K.K.)). 

40 

Examples 14-17 

[0129] Four photosensitive members were prepared and evaluated In the same manner as in Examples 1 , 5, 6 and 
9, respectively, except for using protective layer-coating liquids obtained by using 35 parts of surface-untreated anti- 
^ mony-doped tin oxide fine particles ("T-1", made by Mitsubishi Material K.K.) instead of the 7 %-surf ace-treated anti- 
mony-doped tin oxide fine particles and further adding 3.5 parts of the fluorine-containing silane coupling agent ("LS- 
1090") used In Example 1 , followed by the dispersion. 

Examples 18-21 

so 



[0130] Four photosensitive members were prepared and evaluated in the same manner as in Example 1 exceptor 
using protective layer-coating liquids obtained by further adding 1 .5 parts of methyl hydrogen silicofte oil ("KFOg", made 
by Shin-Etsu Silicone K.K.) to the protective layer-coating liquids obtained In Examples 14-17, followed further by 4 
hours of stirring. 



15 



HU (N/mm^) = W/Sd. 



55 
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Examples 22 - 25 

[01 31 ] Four protective iayer-coating liquids were prepared by dispersing 35 parts of the 7 %-surface-treated antimo- 
ny-doped tin oxide fine particles used in Example 1 together with 150 parts of ethanol in a sand mill for 66 hours, and 
then adding thereto 67 parts of the resole-type phenolic resin (non-volatile matter content = 45 %) used in Example 1 
and 15 parts of Example Compounds (charge-transporting compounds), respectively, listed in Table 1 ^ followed by 4 
hours of stirring. 

[0132] Four photosensitive members were prepared and evaluated in the same manner as'in Example 1 except for 
using the above-prepared four protective layer-coating liquids. 

Examples 26 ^ 30 

[0133] Five protective layer-coating liquids were prepared by dissolving 67 parts of the phenolic resin (non-volatile 
matter content = 45 %) used in Example 1 and 21 parts each of Example Compounds (charge-trarisporting compoundis), 
respectively listed in Table 1 , In 82 parts of ethanol. 

[0134] Five photosensitive members were prepared and evaluated in the same manner as In Example 1 except for 
using the above-prepared five protective layer-coating liquids. 

Example 31 

[01 35] . A photosensitive member was prepared and evaluated in the same manner as in Example 1 except for using 
a protective layer-coating liquid obtained by using 42 parts (non-volatile matter content = 58 %) of a resole-type phenolic 
resin ("PL-53123") (and containing similarly 1 5 parts of Example Compound (1 -23) as a charge-transporting compound 
having a hydroxyalkyi group). 

Examples 32 - 35 

[0136] Four photosensitive members were prepared and evaluated in the same manner as in Example 31 except 
for using a protective layer-coating liquid obtained by using Example Compounds (charge-transporting compounds), 
respectively, listed in Table 1 instead of Example Compound (1-23). 

Examples 36 - 39 

[0137] Four protective layer-coating liquids were prepared by dissolving 52 parts of the phenolic resin (non-volatile 
matter content = 58 %) used in Example 31 and 21 parts each of Example Compounds (charge-transporting com- 
pounds), respectively, listed in Table 1 together with 82 parts of ethanol, followed by 4 hours of stirring. 
[0138] Four photosensitive members were prepared and evaluated In the same manner as in Example 1 except for 
using the above-prepared four protective layer-coating liquids. 

Example 40 

[0139] A protective layer-coating liquid was prepared by dispersing -35 parts of the 7 %-surf ace-treated antimony- 
doped tin oxide fine particles used in Example 1 together with 150 parts of ethanol in a sand mill for 66 hours, adding 
thereto 18 parts of polytetrafluoroethylenefine particles (Dv = 0.18 pm) followed by 12 hours of dispersion in the sand 
mill, and adding thereto 54 parts of the resole-type phenolic resin ("PR-53123", non-volatile matter content = 45 %) 
and 15 parts of Example Compound (4-14) (a charge-transporting compound having a hydroxyphenyl group) for dis- 
solution therein, followed by dilution with 35 parts of acetone. 

[0140] A photosensitive member was prepared and evaluated in the same manner as in Example 1 except for using 
the above-prepared protective layer-coating liquid. 

i 

Examples 41 - 45 ^' 

[01 41 ] Five photosensitive members were prepared and evaluated in the same manner as in Example 40 except for 
using a protective layer-coating liquid obtained by using Example Compounds (charge-transporting compounds), re- 
spectively, listed in Table 1 , instead of Example Compound (4-14). 
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Exampies 46 - 48 

[0142] Three photosensitive members were prepared and evaluated in the same manner as in Examples 40, 42 and 
44, respectively, except for using protective layer-coating liquids obtained by reducing the amount of the 7 %-surface- 
5 treated antimdny-doped tin oxtdef ine particles to 20 parts and further adding 1 5 parts of 20 %-surf ace-treated antimony- 
doped tin oxide fine particles (surface-treated with methyl hydrogen silicone oil ("KF99", made by Shin-Etsu Silicone 
K.K.)). 

Examples 49-51 

10 

[01 43] Three photosensitive members were prepared and evaluated in the same manner as in Examples 40, 42 and 
44, respectively, except for using protective layer-coating liquids obtained by using 35 parts of surface-treated antimony- 
doped tin oxide fine particles ("T-l", made by Mitsubishi Material K.K.) instead of the 7 %-surf ace-treated antimony- 
doped tin oxide fine particles and further adding 3.5 parts of the fluorine-containing sllane coupling agent ("LS-1 090") 
'5 used In Example 1 , followed by the dispersion. 

Examples 52 - 54 

[0144] Three photosensitive members were prepared and evaluated in the same manner as in Example 40 except 
20 for using protective layer-coating liquids obtained by further adding 1 .5 parts of methyl hydrogen silicone oil ("KF99", 
made by Shin-Etsu Silicone K.K.) to the protective layer-coating liquids obtained In Examples 49 - 51 , followed further 
by 4 hours of stirring. 

Examples 55 - 57 

25 

[0145] Three protective layer-coating liquids were prepared by dispersing 35 parts of the 7 %-surface-treated anti- 
mony-doped tin oxide fine particles used in Example 40 together with 150 parts of ethanol in a sand mill for 66 hours, 
and then adding thereto 67 parts of the resole-type phenolic resin (non-volatile mattercontent = 45 %) used in Example 
40 and 15 parts of Example Compounds (charge-transporting compounds), respectively listed in Table 1 , followed by 
30 dilution with 35 parts of acetone and 4 hours of stining. 

[0146] Four photosensitive members were prepared and evaluated In the same manner as In Example 40 except 
for using the above-prepared four protective layer-coating liquids. 

Examples 58 - 64 

35 

[01 47] Seven protective layer-coaling liquids were prepared by dissolving 67 parts of the phenolic resin (non-volatile 
matter content = 45 %) used in Example 40 and 21 parts each of Example Compounds (charge-transporting com- 
pounds), respectively listed in Table 1 , together with 58 parts of ethanol and 24 parts of acetone, followed by 4 hours 
of stirring. 

40 [0148] Seven photosensitive members were prepared and evaluated in the same manner as in Example 1 except 
for using the above-prepared seven protective layer-coating liquids. 

Example 65 ^ 

45 [01 49] A photosensitive member was prepared and evaluated in the same manner as in Example 40 except for using 
a protective layer-coating liquid obtained by using 42 parts (non-volatile matter content = 58 %) of a resole-type phenolic 
resin ("PL-2211". made by Gun'ei Kagaku Kogyo K.K.) instead of the phenolic resin f PL-53123") and using 15 parte 
of Example Compound (4-44) as a charge-transporting compound instead of Example Compound (4-14). 

50 Examples 66-68 

— / 

[0150] Three photosensitive members were prepared and evaluated in the same manner as Ki-£xample 65 except 
for using protective layer-coating liquids obtained by using Example Compounds (charge-transporting compounds), 
respectively listed in Table 1 , instead of Example Compound (4-44). 

55 

Examples 69 - 74 

[0151] Six protective layer-coating liquids were prepared by dissolving 52 parts of the phenolic resin (non-vola^le 
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matter content = 58 %) used In Example 65 and 21 parts each Example Compounds (charge-transporting compounds), 
respectively listed in Table 1 , together with 58 parts of ethanol and 24 parts of acetone, followed by 4 hours of stin-ing. 
[0152] Six photosensitive members were prepared and evaluated in the same manner as In Example 40 except for 
using the above-prepared four protective layer-coating liquids. 

Examples 75 - 81 

[0153] Seven photosensitive members were prepared and evaluated in the same manner as in Example 1 except 
for using protective layer-coating liquids obtained by using Example Compounds, respectively listed In Table 1 , Instead 
of Example Compound (1 -23) as the charge-transporting compound. 

Examples 82 - 88 

[0154] Seven photosensitive members were prepared and evaluated in the same manner as in Example 26 except 
for using protective layer-coating liquids obtained by using Example Compounds, respectively listed in Table 1 , instead 
of Example Compound (1 -23) as the charge-transporting compound. 

Examples 89 - 92 

[0155] Four photosensitive members were prepared and evaluated in the same manner as in Example 40 except 
for using protective layer-coating liquids obtained by using Example Compounds, respectively listed in Table 1 , instead 
of Exannple Compound (4-14) as the charge-transporting compound. 

Examples 93 - 96 

[0156] Four photosensitive members were prepared and evaluated in the same manner as In Example 58 except 
for using protective layer-coating liquids obtained by using Example Compounds, respectively listed in Table 1 , Instead 
of Example Compound (4-6) as the charge-transporting compound. 

[0157] The results of the above-described Examples are inclusively shown in Table 1 below. 
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Comparative Example 1 

[0158] A protective layer-coating liquid was prepared as a solution of the resole-type phenolic resin ("PR-53123", 
made by Sumitomo Durez K.K.) used In Example 1. 

[0159] A photosensitive member was prepared and evaluated in the same manner as in Example 1 except for using 
the above-prepared protective layer-coating liquid, for application by dipping, followed by 1 hour of hot air drying at 
145 ^'C, to form a 3 [im-thick protective layer. 

[0160] The results of evaluations are inclusively shown in Table 2 appearing hereinafter together with those of the 
following Comparative Examples. 

Comparative Example 2 

[01 61 ] A protective layer-coating liquid was prepared as a solution of the resole-type phenolic resin ("PL-22ir, made 
by Gun*ei Kagaku Kogyo K.K.) used in Example 31 . 

[0162] A photosensitive member was prepared and evaluated in the same manner as In Example 1 except for using 
the above-prepared protective layer-coating liquid, for application by dipping, followed by 1 hour of hot air drying at 
145 'C, to form a 3 jim-thick protective layer. 

Comparative Examples 3-10 

[0163] Eight protective layer-coating liquid were prepared by using 67 parts of the resole-type phenolic resin ("PR- 
53123") used in Example 1 and 21 parts each of Comparative Compounds 1 - 8 shown below, respectively, instead of 
Example Compound (1-23) for dissolution together with 400 parts of 1 ,4-dioxane and 180 parts of THF (tetrahydro- 
furan), followed by 4 hours of stining. 

[0164] Eight photosensitive members were prepared and evaluated In the same manner as in Example 1 except for 
using the above-prepared protective layer-coating liquids for application by spraying followed 1 hour of hot air drying 
at 145 **C to fomri a 3 ixm-thick protective layer. 
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Comparative Examples 11 and 12 

[01 65] Two protective layer-coating liquids were prepared by dispersing 35 parts of the 7 %-surf ace-treated antimony- 
doped tin oxide fine particles together with 1 50 parts of 1 ,4-dioxane in a and mill for 66 hours, adding thereto 1 8 parts 
of potytetrafluoroethylene fine particles (Dv = 0.18 [im) followed by 12 hours of dispersion in the sand mill, and adding 
thereto 24 parts (as resin) of PMMA (polymethyl methacrylate) f J-899", made by Seiko Kagaku K.K.) and further 15 
parts each of Example Compound (1-23) (Comparative Example 11) or (1-15) (Comparative Example 12) (charge- 
transporting compound) as shown in Table 2 for dissolution, followed by 1 hour of dispersion in the sand mill and dilution 
with 700 parts of 1 ,4-dioxane and 370 parts of THF 

[0166] Two photosensitive members were prepared and evaluated in the same manner as In Example 1 except for 
using the above-prepared protective layer-coating liquids for application by spraying, followed by 30 min. of drying at 
100 'C to form a 3 ^m-thlck protective layer. 

Comparative Example 13 

[0167] A photosensitive member was prepared In the same manner as in Example 1 except for omitting the protective 
layer 

[01 68] The results of evaluation of the above-described Comparative Examples are inclusively shown in the following 
Table 2. 
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[0169] The resurts in Tables 1 and 2 show that the electrophotographic photosensitive members provided with a 
protective layer according to the present invention (shown in Table 1) exhibited Iftlle lowering In sensitivity (E500) or 
little increase in residual potential (Vr) accompanying the provision of such a protective layer while exhibiting advan- 
tageous features such as a high transfer efficiency, a high film strength (a high universal hardness HU) and a good 
5 abrasion resistance which are desirable for good and stable image forming performances in a continuous Image for- 
mation on a large number of sheets. 

[0170] As a result of the continuous image fomnation, the photosensitive members of the present invention continually 
provided clear and good images free from image flow because of a high volume resistivity (Rv) of the protective layer. 
On the other hand, the photosensitive members of Comparative Examples 3-12 exhibited lower quality images ac- 

10 companied with image flow presumably due to a low volume resistivity of the protective layer. 

[0171] As described above, according to the present invention, there is provided an electrophotographic photosen- 
sitive member provided with a protective layer effective for providing a high transfer efficiency, a high durability and a 
high stability suitable for continually providing good images while suppressing the lowering in photosensitivity and the 
increase in residual potential. Accordingly, a process cartridge and an electrophotographic apparatus including the 

IS photosensitive member can also exhibit excellent electrophotographic perfomnances. 

[0172] An electrophotographic photosensitive member exhibiting a good durability and stable electrophotographic 
performances regardless of environmental change is provided by coating the photosensitive layer with a specific pro- 
tective layer. The protective layer conrprlses a cured phenolic resin and a charge-transporting compound having at 
least one group selected from the group consisting of hydroxyalkyi groups, hydroxyalkoxy groups and hydroxyphenyl 

20 groups capable of having a substituent. 



Claims 

25 1 . An electrophotographic photosensitive member, comprising: a support, a photosensitive layer and a protective 
layer in this order; wherein said protective layer comprises a cured phenolic resin and a charge-transporting com- 
pound having at least one group selected from the group consisting of hydroxyalkyi groups, hydroxyalkoxy groups 
and hydroxyphenyl groups capable of having a substituent. 

30 2. A photosensitive member according to Claim 1 , 

wherein said charge-transporting compound has a hydroxyalkyi group. 

3. A photosensitive member according to Claim 2, 

wherein said charge-transporting compound has a structure represented by any one of structural fonmulae (1) - 
35 (3) shown below: 



40 



45 




wherein R^^, ^"^1 R^3 independently denote a linear or branched divalent hydrocarbon group having 1 - 8 
50 carbon atoms; a, p and y independently denote a benzene ring capable of having one or more substrtuents selected 

from halogen atoms, alkyi groups, alkoxy groups, aryl groups and heterocyclic groups each being further cap^le 
of a substituent except for the halogen atoms; a1 , b1 and c1 are 0; and ml and n1 are indepuendently 1 or 0; 
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10 



HO— R; 




(2), 



IS 



20 



wherein R21, R22 ^23 independently denote a linear or branched divalent hydrocarbon group having 1 - 8 
carbon atoms; 5, e, x and v independently denote a benzene ring capable of having one or more substituents 
selected from halogen-atoms, alkyi groups, alkoxy groups, aryl groups and heterocyclic group each being further 
capable of a having a substituent except for the halogen atoms, with the proviso that t and v can fonm a ring 
together via a substituent; a2, b2 and c2 are 0; and m2, n2 and p2 are independently 1 or 0 with the proviso that 
at least one of m2, n2 and p2 is 1 ; and 



25 



30 





(3), 



35 



40 



wherein R3^, R32, R33 and R34 independently denote a linear or branched divalent hydrocarbon group having 1 - 

8 carbon atoms; ti, e, L, <|) and x independently denote a benzene ring capable of having one or more substituents 
selected from halogen atoms, alkyI groups, alkoxy groups, aryl groups and heterocyclic group each being further 
capable of a having a substituent except for the halogen atoms, with the proviso that ^ and % can form a ring 
together via a substituent; a3, b3, c3 and d3 are 0; and m3, n3 and p3 are independently 1 or 0. 



A photosensitive member according to Claim 1 , 

wherein said charge-transporting compound has a hydroxyalkoxy group. 



45 



A photosensitive member according to Claim 4, 

wherein said charge-transporting compound has a structure represented by any one of structural formulae (1) ■ 
(3) shown below: 



50 
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HO-R, 




(1). 



15 



wherein R^^, R12 anci R^g independently denote a linear or branched divalent hydrocarbon group having 1 - 8 
carbon atoms; a, P and y independently denote a benzene ring capable of having one or more substituents selected 
from halogen atoms, alkyi groups, alkoxy groups, aryl groups and heterocyclic groups each being further capable 
of a substituent except for the halogen atoms; a1 , b1 and c1 are 0; and ml and n1 are Independently 1 or 0; 



20 



25 



HO-R 




(2), 



30 



35 



wherein R21, R22 ^"^^1 R23 independently denote a linear or branched divalent hydrocarbon group having 1 - 8 
carbon atoms; 6, e. % and y independently denote a benzene ring capable of having one or more substituents 
selected from halogen atoms, alkyI groups, alkoxy groups, aryl groups and heterocyclic group each being further 
capable of a having a substituent except for the halogen atoms, with the proviso that % and v can fonm a ring 
together via a substituent; a2, b2 and c2 are 0; and m2, n2 and p2 are independently 1 or 0 with the proviso that 
at least one of m2, n2 and p2 is 1 ; and 



40 



45 




0- 

SO wherein R31, R32, R33 and R34 Independently denote a linear or branched divalent hydrocarbon group having 1*- 

8 carbon atoms; ^, r\, 8, L, <> and x independently denote a benzene ring capable of having one or more substitu^ts 
selected from halogen atoms, alkyI groups, alkoxy groups, aryl groups and heterocyclic grouj^'each being furtfier 
capable of a having a substituent except for the halogen atoms, with the proviso that <|> and % can form a ring 
together via a substituent; a3, b3, c3 and d3 are 0; and m3, n3 and p3 are independently 1 or 0. 

55 

6. A photosensitive member according to Claim 1 , 

wherein said charge-transporting compound has a hydroxyphenyl group capable of having a substituent. 
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7. A photosensitive member according to Claim 6, 

wherein said charge'transporting compound has a structure represented by any one of fonnulae (4) - (6) shown 
below: 



10 



15 




20 



25 



wherein denote a linear or branched divalent hydrocarbon group; R42 denotes a hydrogen atom, an alkyi group, 
an araikyi group or a phenyl group, each capable of having a substituent except for the hydrogen atom; Ar4i and 
Ar42 Independently denote an alkyI group, an aralkyl group, an aryl group or a heterocyclic group each capable of 
having a substituent; Ar43 denotes an arylene group or a divalent heterocyclic group each capable of having a 
substituent; m4 and n4 are independently 0 or 1 with the proviso that m4 = 0 when n4 = 0, and k and X independently 
denote a benzene ring capable of having one or more substituents selected from halogen atoms, alkyI groups, 
alkoxy groups, aryl groups, and heterocyclic each capable of having a substituent except for the halogen atoms; 



30 



(5). 



35 



40 



wherein Rg^ denote a linear or branched divalent hydrocarbon group; Arg^ and Argg independently denote an alky! 
group, an aralkyl group, an aryl group or a heterocyclic group each capable of having a substituent; and v 
independently denote a benzene ring capable of having one or more substituents selected from halogen atoms, 
alkyI groups, alkoxy groups, aryl groups, and heterocyclic groups each capable of having a substituent except for 
the halogen atoms with the proviso that and v can form a ring together with a substituent; and 5 is 0 or 1 ; and 



45 



(6)/ 



so 



55 



wherein Rg^ and Re2 independently denote a linear or branched divalent hydrocarbon group; Ar^i denotes an all^l 
group, an araikyi group, an aryl group or a heterocyclk; group each capable of having a substituent; ^, n, P an^o 
independently denote a benzene ring capable of having one or more substituents selected^m halogen atoms, 
alkyI groups, alkoxy groups, aryl groups, and heterocyclic each capable of having a substituent except for the 
halogen atoms with the proviso that ^ and tt or p and a can form a ring together with a substituent and ml and n1 
are Independently 0 or 1 . 



A photosensitive member according to Claim 1 , 

wherein said cured phenolic resin is a cured product of a resote-type phenolic resin. 



77 



BNSDCXID: <EP 11 74771 A1J_> 



EP1 174 771 A1 



9. A photosensitive member according to Claim 1 , 

wherein said protective layer contains electroconductive particles. 

10. A photosensitive mennber according to Claim 9, 

5 wherein said electroconductive particles comprise tin oxide particles optionally doped or surface treated. 

1 1 . A photosensitive member according to Claim 1 , 

wherein said protective layer contains a fluorine-containing compound and fluorine-containing resin particles. 

10 1 2. A photosensitive member according to Claim 1 , wherein said protective layer contains a fluorine-containing com- 
pound, fluorine-containing resin particles and a siloxane compound. 

13. A process cartridge, comprising: an electrophotographic photosensitive member and at least one means selected 
from the group consisting of charging means, developing means and cleaning means; said electrophotographic 

15 photosensitive member and said at least one means being Integrally supported and detachably mountable to a 

main assembly of an electrophotographic apparatus, 

wherein said electrophotographic photosensitive member comprises an electrophotographic photosensitive 

member, comprising: a support, a photosensitive layer and a protective layer in this order; wherein said protective 

layer comprises a cured phenolic resin and a charge-transporting compound having at least one group selected 
20 from the group consisting of hydroxyalkyi groups, hydroxyalkoxy groups and hydroxyphenyl groups capable of 

having a substituent. 

14. An electrophotographic apparatus, comprising: 

an electrophotographic photosensitive member, and charging means, developing means and transfer means re- 

25 spectfvely disposed opposite to the electrophotographic photosensitive member, 

wherein said electrophotographic photosensitive member comprises an electrophotographic photosensitive 
member, comprising: a support, a photosensitive layer and a protective layer in this order; wherein said protective 
layer comprises a cured phenolic resin and a charge-transporting compound having at least one group selected 
from the group consisting of hydroxyalkyi groups, hydroxyalkoxy groups and hydroxyphenyl groups capable of 

30 having a substituent. 
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